Analysis of aluminum hydroxyphosphate vaccine adjuvants by (27)Al MAS NMR.
The present study explores the use of (27)Al magic-angle-spinning (MAS) NMR for the characterization of aluminum hydroxyphosphate adjuvants. Adjuvants were prepared by two different methods: batch-precipitation and precipitation at constant pH, using a wide range of different conditions. The adjuvant compositions showed no evident stoichiometric restrictions and varied as a function of the precipitation conditions. All the aluminum hydroxyphosphate adjuvants were found by (27)Al MAS NMR to contain both tetrahedrally and octahedrally coordinated aluminum. The octahedral form was always predominant. The chemical shifts corresponding to octahedral aluminum were at values intermediate between that of aluminum hydroxide (9 ppm) and those of phosphate-containing aluminum minerals such as variscite (-9 ppm) and varied with the phosphate content of the adjuvant. This was true even for adjuvants precipitated above pH 6 indicating that the phosphate is incorporated into the bulk solid phase contrary to predictions in the literature. Aside from the presence of tetrahedral and octahedral aluminum, there was no evidence in any of the adjuvants of distinct, structurally defined phases indicating that the adjuvants are not mixtures of distinct phases which differ significantly in the number of phosphorus atoms in the next-nearest-neighbor (NNN) position to aluminum.